Noninvasive diagnostic test choices for the evaluation of coronary artery disease in women: A multivariate comparison of cardiac fluoroscopy, exercise electrocardiography and exercise thallium myocardial perfusion scintigraphy  by Hung, Joseph et al.
8 JACC Vol. 4, No.1
July 1984:8-16
Noninvasive Diagnostic Test Choices for the Evaluation of Coronary
Artery Disease in Women: A Multivariate Comparison of Cardiac
Fluoroscopy, Exercise Electrocardiography and Exercise Thallium
Myocardial Perfusion Scintigraphy
JOSEPH HUNG, MB,* BERNARD R, CHAITMAN, MD, JULES LAM, MD,
JACQUES LESPERANCE, MD, GEORGES DUPRAS, MD, PHILLIPPE FINES, MSc,
MARTIAL G. BOURASSA, MD, FACC
Montreal, Quebec, Canada
Several diagnostic noninvasive tests to detect coronary
and multivessel coronary diseaseare availablefor women.
However, all are imperfect and it is not yet clear whether
one particular test provides substantially more infor-
mation than others. The aim of this study was to evaluate
clinical findings, exercise electrocardiography, exercise
thallium myocardial scintigraphy and cardiac fluoros-
copy in 92 symptomatic women without previous in-
farction and determine which tests were most useful in
determining the presence of coronary disease and its
severity. Univariate analysis revealed two clinical, eight
exercise electrocardiographic, seven myocardial scinti-
graphic and seven fluoroscopic variables predictive of
coronary or multivessel disease with 70% or greater
stenosis. The multivariate discriminant function analysis
The diagnosis of coronary disease in women who have a
chest pain syndrome remains a difficult clinical problem,
Women tend to develop atherosclerotic heart disease at a
later age than men and when matched for age, young and
middle-aged women often have less extensive coronary dis-
ease (1,2), We and others (3-7) have reported that the
diagnostic value of exercise testing in women is limited
when chest pain is atypical or nonspecific because the test
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selected a reversible thallium defect, coronary calcifi-
cation and character of chest pain syndrome (p < 0.05)
as the variables most predictive of presence or absence
of coronary disease. The ranked order of variables most
predictive of multivessel disease were cardiac fluoros-
copy score, thallium score and extent of ST segment
depression in 14 electrocardiographic leads. Each pro-
vided statistically significant information to the model.
The estimate of predictive accuracy was 89% for coro-
nary disease and 97% for multivessel coronary disease.
The results suggest that cardiac fluoroscopy or thal-
lium scintigraphy provide significantly more diagnostic
information than exerciseelectrocardiography in women
over a wide range of clinical patient subsets.
has a lower specificity in women, Clearly, other diagnostic
noninvasive methods to detect coronary disease would be
useful.
Cardiac fluoroscopy and thallium scintigraphy are useful
diagnostic tests that are selectively employed in clinical
practice (8-14), However, data are based mainly on results
obtained in men because the number of women reported in
most series (for example, thallium scintigraphy) is small
and women do not usually form the subject of a separate
study (10,12-14),
In this study, we compared the diagnostic value of ex-
ercise electrocardiography, cardiac fluoroscopy and thallium
perfusion scintigraphy in a consecutive series of 92 symp-
tomatic women without previous myocardial infarction re-
ferred for coronary angiography. The influence of chest pain
syndrome on the choice of diagnostic tests was examined,
and the data were evaluated using univariate and multivar-
iate techniques,
0735-1097/84/$3.00
JACCVol. ~ . No. 1
July 198U · ·16
HUNG ET AL.
EVALUATION OF CORONARY ARTERY DISEASE tN WOMEN
9
Methods
Study patients. The patient series comprised 92 women
with a mean age of 51 years (range 29 to 65) who underwent
a maximal exercise test using 14 electrocardiographic leads
and had exercise thallium scintigraphy and cardiac fluoros-
copy performed within the week preceding coronary angi-
ograph y. Of the 92 women studied between January 1978
and December 1982,25 had typical angina pectoris, 37 had
probable angina and 30 had nonspecific chest pain.
Typical angina pectoris was defined as a substernal dis-
comfort precipitated by exertion , relieved by rest or nitro-
glycerin , or both, and with typical radiation to either the
shoulder, jaw or inner aspect of the arm. Probable angina
pectori s had most of the features of typical angina pectoris,
but in some aspects was not entirely typical , for example,
chest pain in an unusual location or not always relieved by
nitrogl ycerin, or inconstant precipitating factors . Nonspe-
cific chest pain was defined as chest pain that did not meet
the criteria for typical or probable angina pectoris and in-
cluded chest pain unrelated to activity and unrelieved by
nitroglycerin or rest . or both .
The patients who had valvular heart disease. cardio-
myopathy or severe hypertension were excluded. Other cri-
teria tor exclusion were a previous history of myocardial
infarction , a clinical diagnosis of mitral valve prolpase ,
digita lis usage and left bundle branch block or left ventric -
ular hypertrophy on the rest electrocardiogram. The patients
who had a normal exercise electro cardiogram and did not
reach X5 % of their age-predicted heart rate (16) were not
considered in the present analysis. Long-acting nitrates and
antiar rhythmic and diuretic drugs were stopped 12 hours
and beta-receptor blocking drugs were stopped 48 hours
before the exercise test. A documented medical history of
treated hypertension was present in 29% of the patients;
48% were current smokers , 51% had a family history of
premature coronary disease before 55 years and 15% of the
patients had a documented history of diabetes meIlitus . Fast-
ing serum triglyceride and cholesterol measurements were
available in 60 patients; 38% of these had a serum triglyc-
eride level greater than 180 mg/dl and 32% had a serum
cholesterol greater than 250 mg/dl.
Exercise testing protocol. Treadmill testing was per-
formed after a modified Bruce protocol with a 3 minute
warm-up at 1.7 mph and a 5% grade (17) . The electrocar-
diogram was continuously monitored and 14 leads that in-
cluded the standard 12 (except lead aYR) and bipolar leads
CCs. CMs and ML were recorded each minute during and
for 3 to 5 minutes after exercise (15). Cuff blood pressure
measurements were obtained every minute . Test end points
were progressive chest pain in 18 patients, physical ex-
haus. ion in 65 patients, 3 mm ST segment depression in
one or more leads in 7 patients and a decrease in systolic
blood pressure of 20 mm Hg or more from the previous
level during exercise in 2 patients. The exercise electro-
cardiogram was considered abnormal if there was 0.1 mY
or greater horizontal or downsloping ST segment depre ssion
80 .ms after the J junction during exerci se or recovery. If
ST segment depression was present at rest , a further 0.1
mY of ST depression during or after exercise was required .
Thallium scintigraphy. An intravenous bolus of 2.0
mCi of thaIlium-201 was given by an indwelling Teflon
catheter 45 to 60 seconds before stopping exercise . Imaging
was begun 5 to 10 minutes later using a scintillation camera
equipped with a high resolution paraIlel hole collimator.
Sequential images in the 30°, 60 to 65° left anterior oblique
and anterior views were accumulated for a preset count
(300,000 counts each view) and stored on magnetic disc in
a 128 x 128 matrix . The images were then processed in
digital format with II % background subtraction. Both the
analog and processed images were photographed on black
and white 8 x 10 inch (20.32 x 25 .4 cm) X-ray film.
Reperfusion images in the same views were obtained 4 hours
later in a similar manner.
Exercise and reperfusion images were displayed together
and interpreted , using methods previously described (18),
by three experienced observers who did not have knowledge
of the clinical. exercise or angiographic results . Each image
was divided into 5 approximately equal segments for a total
of 15 myocardial segment s using the technique described
by Rigo et al. ([9) . Thallium uptake in each myocardial
segment of the postexercise and reperfusion images were
coded as normal = 0 , mildly reduced = I, or severely
reduced = 2. A thallium scan was considered abnormal if
perfusion defects on the postexercise scan showed reper-
fusion on delayed imaging . The segments were grouped into
anteroseptal, inferior, apical and posterolateral left ventric-
ular segments to reflect the different vascular regions. Five
women who had a fixed perfusion defect in the anteroseptal
or anterolateral left ventricular segment, considered to be a
breast artifact (20 ,2 1), were coded as normal (Fig . I) .
Cardiac fluoroscopy. All tests were performed with
Picker equipment using a cesium-iodide image phosphor
(Thomson-Houston 15-18-22 em). The contrast ratio of the
image intensifier was 16:I and resolution was 110 pairs/inch.
The minimal tube gain was II ,000; the exit phosphor was
20 mm. Recording was performed at 3 to 4 mA and between
70 to 110 kY depending on patient size . Cardiac fluoroscopy
was performed, with the patient standing, in four views:
frontal , 30° right . 40° left anterior oblique and left lateral.
The quality of the image was improved by additional patient
rotation to prevent superimposition of the spine or hilar
vascular shadows when necessary and by "coning" in on
the proximal coronary vessels. Short fluoroscopic sequence s
(four to five cardiac cycles) in each view were obtained
using an Isocon minicamera and recorded on videotape for
permanent record.
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Figure 1. Type andlocation of fixed breast
artifacts (arrows) in thehighanteroseptal
and anterolateral myocardial segments in
a woman.
Calcification was recorded by an experienced cardio-
vascular radiologist who was unaware of the clinical and
laboratory findings. Calcification was coded as 0 if absent,
1 if light, 2 if moderate and 3 if dense in the territory of
the right coronary, left main trunk, left anterior descending
and left circumflex vessels (22). In 11 patients, the location
of coronary calcification could not be accurately determined
as being in the territory of the left anterior descending or
left circumflex vessels, and was coded as being in the left
coronary system. A calcification score was developed in
each patient by summing the coded values for calcification
in the three coronary vessels.
Coronary angiography. Selective coronary angiogra-
phy in multiple projections was performed by a percutaneous
transfemoral approach using preformed catheters (23). Each
coronary arteriogram was independently interpreted by an
experienced cardiovascular radiologist who was unaware of
the results of exercise testing or cardiac fluoroscopy. Ste-
nosis of 70% or greater of the arterial luminal diameter was
considered significant, except for the left main segment
where 50% or greater was considered an important narrowing.
Definition of terms. Sensitivity is the ratio of the num-
ber of true positive to true positive plus false negative re-
sults. Specificity is the ratio of the number of true negative
to true negative plus false positive results. The post-test risk
of disease was defined as the probability of coronary disease
or multivessel disease given an individual test result.
Statistical analysis. Frequencies were compared by chi-
Table 1. Patient Characteristics
square analysis or Fisher's exact test where appropriate (24).
Matched pair frequencies were compared by McNemar's
test. Continuous variables were compared by analysis of
variance for multiple group comparisons (ANDYA) and
unpaired t test for two group comparisons. The multivariate
relation of the clinical and laboratory variables to coronary
and multivessel coronary disease was examined using a
stepwise linear discriminant analysis (25,26) on a total of
41 clinical, exercise electrocardiographic, fluoroscopic and
myocardial scintigraphic variables.
Results
Patient characteristics. The prevalence of obstructive
coronary disease was 60% (15 of 25) in women with typical
angina, 30% (II of 37) in women with probable angina and
7% (2 of 30) in women with nonspecific chest pain (p <
0.05)(Table I). Women with typical angina were slightly
older and had more coronary risk factors than the other
patients (p < 0.05). However, individual coronary risk fac-
tors were not univariate predictors of coronary disease. Mul-
tivessel disease was more prevalent in women with typical
angina than in women with probable angina or nonspecific
chest pain: 44% (11 of 25) versus 8% (3 of 37) and 3% (1
of 30), respectively (p < 0.05). Further diagnostic analyses
for multivessel disease in the latter two clinical subsets are
considered together because the number of patients with
multivessel disease is small. Left main coronary artery ob-
No. of Vessels With No. of Patients
Coronary Stenosis With Left
2:70% Main
No. of Age No. of Risk Stenosis
Patients (yr) Factors a 2 3 2:50%
Typical angina 25 55.1 ± 9.2 2.1 ± 1.2 IO 4 6 3 2
Probable angina 37 49.5 ± 8.8* 1.6 ± 1.0 26* 8 I I I
Nonspecific chest pain 30 50.3 ± 6.4* 1.3± 1.0 28* I I a a
Total 92 51.3 ± 8.5 1.7 ± I.I 64 13 8 4 3
*p < 0.05 versus typical angina. Values expressed are mean ± standard deviation.
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struction of 50% or greater occurred in three women (3.3%);
two of the three had typical angina and one had probable
angina.
Exercise electrocardiography. The sensitivity and
specificity of the exercise electrocardiogram were similar in
women with and without ST-T wave abnormalities at rest.
The classic criterion of O. I mY or more horizontal or down-
sloping ST segment depres sion dur ing exercise testing was
assoc iated with a sensitivity of 73% and a specificity of 59%
for significant coronary artery disease. The specificity was
improved by requiring a stricter criterion of 0.2 mY or
greater horizontal or downsloping ST segment depression
(78%) or more than three positive electrocardiographic leads
(81%) , although sensitivity decreased to 43 and 57%, re-
spectively. The ability to reach Bruce exercise stage II or
higher was associated with a specificity of 88% and a sen-
sitivity of 46%.
Univariate predictors of coronary or multivessel disease
(Table 2) were a positive ST segment, exercise-induced
angina, peak exercise heart rate , peak rate-pressure product ,
total exercise duration , the maximal extent of ST segment
depression in any lead , the number of positive leads and
the sum of ST segment depres sion in the 14 leads.
Of the 15 women with multivessel disease , 93% had an
abnormal exercise electrocardiogram compared with 43%
of the 77 women with single or no vessel disease (p <
0 .001). The sum of ST segment depre ssion in the 14 leads
was found to be the best independent predictor of multivessel
disease . Fifty percent (7 of 14) of the women with a total
ST segment depression greater than 10 mm had multivessel
disease compared with 5% (4 of 78) of the women with
lesser degrees of ST segment depre ssion (p < 0.001).
Cardiac fluoroscopy. Calcification in any coronary ves-
sel was associated with a sensitivity of79% and a specificity
Table 2. Univariate Predict ors for Coronary Artery Di sease and Multivess el Di sease in Women
p Value *
No CAD Single Vessel Disease Multivesse1 Disease CAD vs. MVD vs,
(n = 64) (n = 13) (n = 15) No CAD NoMVD
Clinica . variables
Typical angina (no.) 10 (16%) 4 (31%) I I (73%) 0 .00 1 0 .001
Probable angina (no .) 26 (40%) 8 (61%) 3 (20%) NS NS
Nonspecific chest pain (no .) 28 (44%) 1 ( 8%) ) (7%) 0.0 1 0 .05
Age Iyr)t 49 ± 7 52 ± I I 60 ± 3 0 .00 1 0.001
Exercise electrocardiogram
Positive ST segment (no .) 26 (4 1%) 7 (54%) 14 (93%) 0.01 0 .001
Exercise angina (no. ) 10 (16%) 5 (38%) 8 (53%) 0 .01 0 .05
Peal heart rate (beats/min)" 156 ± 17 154 ± 15.6 125 ± 19 0.001 0.001
Peal rate-pressure product! 28,251 ± 4,629 27,178 ± 4,867 22,588 ± 4 ,364 0.003 0 .001
Exercise duration (s)t 504 ± 108 487 ± 173 321 ± 1,155 0 .004 0 .001
Maximal ST segment depression (m v)! 0.Q7 ± 0.10 0 .10 ± 0 .10 0.19 ± .09 0.001 0 .001
No. of positive leadst 1.7 ± 2.8 2.2 ± 2.5 5.5 ± 2.9 0 .002 0 .001
Sun , of ST depression (mV)t 0.2 4 ± 0 .42 0 .3 1 ± 0 .34 0 .90 ± 0 .6 1 0 .003 0.00 \
Cardiac fluoroscopy
Calcification (no .)
Any vessel II ( 17%) 7 (54%) 15 (100 %) 0 .00 1 0 .00 1
Il ight coronary artery 4 ( 6%) 2 ( 15%) 12 ( 80%) 0 .00 1 0 .001
Left anterior descending artery 5 ( 8%) 4 (31%) 10 ( 67%) 0.001 0.001
Left circumflex artery 1 (2%) 0 (0%) 5 ( 33%) 0 .05 0.00 1
NIL of vessels calcifiedt 0 .2 ± 0 .6 0.7 ± 0 .7 2.1 ± 0 .7 0 .00\ 0.00 1
Calcification scorer 0 .4 ± 1.3 1.0 ± 1.3 3.5 ± 2.0 0 .001 0.001
Exerc I>C thallium
Perfusion defect (no .)
Any segment 6 ( 9%) 7 (54%) 14 (93%) 0 .00 1 0 .001
.vnteroseptal segment 5 ( 8%) 4 (3 1%) 11 (73%) 0 .00 1 0 .001
.vpical segment 5 ( 8%) 4 (3 1%) 9 (60%) 0 .00 1 0 .00 1
Inferior segment 1 ( 2%) 1 ( 8%) 8 (53%) 0 .00 1 0 .00 1
Posterior segment I ( 2%) 4 (31%) 4 (27%) 0.00 1 NS
·~ o . of segments abnormal'[ 0.2 :!: 0.6 1.0 :!: 1.1 2. 1 ± 1.1 0 .00 1 0.(0 )
Thallium score] 0 .5 ± 1.9 3. 1 :!: 4 .6 8.5 :!: 5.4 0 .00 1 0.001
" Labcratory variables listed are those significant for three group comparisons (p < 0 .05). Tabular p value s represent intergroup comparisons. t Mean
value ± standard deviation. CAD = coronary artery disease (2:70% luminal stenosis) ; MVD = multivessel disease ( 0:=70% luminal stenosis); no . =
number of patients.
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of 83% for significant coronary artery disease. The sensi-
tivity was similar to that obtained from exercise testing,
although specificity was significantly greater (p < 0.05).
The degree of calcification did not significantly improve
specificity. Of the 28 women with coronary disease, 43%
had moderate to heavy calcification, 36% had mild calci-
fication and 21% had no coronary calcification. Of II women
who had calcified arteries and coronary stenosis of 70% or
greater, 7 had luminal narrowing that ranged between 30
and 50% and corresponded to the site of the calcification.
Cardiac fluoroscopy aided in the diagnosis of a false positive
exercise electrocardiogram because 88% (23 of 26) of the
women with a false positive exercise test had a negative
fluoroscopic examination.
Univariate predictors ofcoronary and ofmultivessel dis-
ease (Table 2) were the presence of coronary calcification,
three vessel coronary calcification, the number of calcified
vessels and the total calcification score.
AllIS women with multivessel disease had coronary cal-
cification. More than 80% of women with multivessel dis-
ease demonstrated calcification in both the right and left
coronary vessels. Calcification in the right coronary artery
was relatively specific for multivessel disease because 80%
(12 of 15) of women with muItivessel disease had right
coronary calcification compared with only 8% (6 of 77) of
women with single or no vessel disease. MuItivessel disease
occurred in 12 (71%) of 17 women with two or more vessel
calcification, 3 (19%) of 16 women with single vessel cal-
cification and none of the 59 women with no coronary cal-
cification. The three women with left main coronary stenosis
had two or more vessel calcification, although none showed
calcification in the left main trunk.
Exercise thallium scintigraphy. An exercise-induced
perfusion defect was associated with a sensitivity of 75%
and a specificity of 91% for obstructive coronary disease.
The sensitivity was not different from that of exercise
electrocardiography. but specificity was greater (p < 0.00 I).
The sensitivity and specificity of exercise thallium scintig-
raphy and cardiac fluoroscopy were not significantly dif-
ferent. The specificity of exercise thallium scintigraphy de-
creased to 81% if fixed high anteroseptal or anterolateral
defects were coded as abnormal because none of the five
women with this pattern were subseqeuntIy found to have
significant coronary disease. Of the six women with a false
positive thallium scan, five had a similar pattern of defects
not coded as artifacts because they appeared to show some
redistribution on delayed imaging. Of 26 women with a
false positive exercise electrocardiogram, 85% had a neg-
ative thallium scan.
Univariate predictors of coronary and multivessel dis-
ease (Table 2) were the presence of an exercise-induced
myocardial perfusion defect, defects in the anteroseptal,
apical and inferior segments, the number of abnormal vas-
cular segments and the total thallium score.
Ninety-three percent (14 of15) ofwomen with multivessel
disease had one or more exercise-induced perfusion defects
compared with 17% (13 of 77) of women with single or no
vessel disease (p < 0.001). The risk of muItivessel disease
increased from 1.5% (I of 65) in women with a normal
exercise thallium scan to 50% (4 of 8) in women with one
abnormal vascular segment, and to 62% (8 of 13) in women
with perfusion defects in two or more vascular segments
(apex excluded). All three women with left main coronary
disease had multiple perfusion defects (Fig. 2).
Diagnostic value in clinical subsets (Table 3). The pre-
test risk of coronary disease in women with typical angina
Figure 2. A 65 year old woman with
probable angina who had a negative ex-
ercise test at a peak heart rate of 134
beats/min. A reversible perfusion defect
(arrows) in the anteroseptal and infero-
apicalsegments suggests multivessel dis-
ease. A 60% left main coronary stenosis
andobstructive rightcoronary disease were
found at angiography.
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was 60% and increased to 79, 81 and 92%, respectively,
when the exercise electrocardiogram, fluoroscopic exami-
nation ,)r thallium scan was abnormal (p = NS). Con-
versely, a negative exercise test, cardiac fluoroscopic ex-
amination or thallium scan decreased the risk of disease to
o (p < 0.05), 22 and 25% (p = NS), respectively. The
predictive accuracy of cardiac fluoroscopy or thallium scin-
tigraphy was not improved by combining it with the results
of exercise testing, although a negative test improved the
accuracy because none of the women with typical angina
and a negative exercise test had significant coronary artery
disease.
In women with probable angina, the pretest likelihood
of coronary disease was 30% and was not significantly al-
tered by the results of exercise testing. Of 17 women in this
clinical subset with a positive electrocardiogram, 12 (71%)
had false positive findings. The false positive rate was lower
for cardiac fluoroscopy (3 of 11) and thallium scintigraphy
(2 of 10). Thus, the post-test likelihood of coronary disease
in women with probable angina was increased from 30 to
73 and 80% with a positive fluoroscopic study or thallium
scan, respectively (both p < 0.05). The post-test likelihood
of coronary disease decreased to 12 and 11% with a negative
fluoroscopic study or thallium scan, respectively (p = NS).
Of the five women who had abnormal findings on both
cardiac fluoroscopy and thallium scintigraphy, all had coro-
nary disease; when both tests were negative, none (0 of 20)
had significant coronary disease.
In women with nonspecific chest pain. the likelihood of
coronary disease was only 7%; thus, when a test was positive
Table 3. Risk of Coronary Artery Disease in Women
it was usually false positive, whereas a negative test result
did not significantly decrease the already low pretest risk.
Multivessel disease (Table 3). The pretest risk of mul-
tivessel disease in women with typical angina was 44% and
increased to 58,69 and 77%, respectively, with a positive
exercise electrocardiogram, cardiac fluoroscopic examina-
tion or thallium scan (NS). The post-test likelihood in-
creased to 73% (11 of 15), 89% (8 of 9) and 100% (5 of
5), respectively, if more than three electrocardiographic leads
were positive, if two or more vessels showed calcification
or if two or more vascular segments were abnormal on
thallium scan (p = NS versus pretest). The risk of multi-
vessel disease in women with typical angina decreased to
8% or less with a negative exercise test, or cardiac fluo-
roscopic examination or thallium scan (p < 0.05).
The overall risk of multivessel disease was only 6% in
the 67 women with probable angina or nonspecific chest
pain. Hence, the results of testing did not significantly in-
crease or reduce the low pretest risk of multivessel disease.
Multivariate analysis (Table 4). The close correlation
between variables in the prediction of coronary and multi-
vessel disease was assessed using a stepwise multiple dis-
criminant analysis of 41 clinical, exercise, fluoroscopic and
scintigraphic variables. The stepwise discriminant function
selected a reversible thallium defect as the most powerful
variable separating normal patients from those with coronary
artery disease. Other variables that provided significant ad-
ditional independent information useful in separating normal
women from those with coronary disease were coronary
calcification and character of the chest pain syndrome. In
Post-test Post-test
Chest Pain Pretest ECG+ CF+ TL+ ECG- CF- TL-
Risk of Coronary Artery Disease
Typical angina 15/25 15/19 13116 12/13 016* 2/9 3/12
(0.60) (0.79) (0.81) (0.92) (0.00) (0.22) (0.25)
Probar-le angina 11/37 5117 8111 * 8/10* 6/20 3/26 3/27
(0.30) (0.29) (0.73) (0.80) (0.30) (0,12) (0.11)
Nonspecific 2/30 1111 1/6 1/4 1/19 1/24 1/26
(0.07) (0.09) (0.17) (0.25) (0.05) (0.04) (0.04)
Total 28/92 21147 22/33:1= 21127:1= 7/45 6/59t 7/65t
(0.30) (0.45) (0.67) (0.78) (0.16) (0.10) (0.11)
Risk of Multivessel Coronary Artery Disease
Typica: angina 11125 11/19 11116 10113 0/6 0/9* 1112*
(0.44) (0.58) (0.69) (0.77) (0.00) (0.00) (0.08)
Probable angina and 4/67 3/28 4117 3/14 1/39 0/50 0/53
nonspecific (0.06) (0.11) (0.24) (0.21) (0.03) (0.00) (0.00)
Total 15192 14/47 15/33t 14127:1= 1/45* 0/59t 1/65t
(0.16) (0.30) (0.45) (0.52) (0.02) (0.00) (0.02)
*1' < 0.05; tp < 0.01; :l:p< 0.001 versus pretest risk; + = positive; - = negative; CF = cardiac fluoroscopic examination; ECG = electrocardiogram;
TL ~ thallium scintigraphic scan.
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Table 4. F Statistics for Variables Selected by the Linear
Discriminant Analysis
The magnitude of the F statistic indicates the relative importance of
each variable. p = 0.05 for F = 3.96; P = 0.01 for F = 6.93. LAD =
left anterior descending coronary artery.
Discussion
The angiographic prevalence of disease in the group of
women selected for this study is similar to that reported
from the Coronary Artery Surgery Study (CASS) study (2)
of 2,810 women who underwent coronary angiography for
chronic stable chest pain and who had no previous history
of myocardial infarction. The prevalence of severe coronary
disease was slightly less because the entry criteria in the
present study required all patients to be ambulatory, suitable
candidates for an exercise test, less than 70 years of age
and able to attain 85% of their age-predicted maximal heart
rate if the exercise electrocardiogram was normal. The sen-
sitivity and specificity of each of the diagnostic noninvasive
tests for coronary disease in this study are within the range
of values for women reported by others (3,4,9,12,14). The
this analysis, the laboratory findings were more powerful
predictors of the presence or absence of coronary disease
than was the character of the chest pain. The discriminant
function correctly classified 21 of 28 patients with coronary
disease and 61 of 64 patients without coronary disease for
an overall predictive accuracy of 89.1 %.
The three most important determinants of multivessel
coronary disease were fluoroscopic score, reversible defect
thallium score and the sum of exercise-induced ST segment
depression in the 14 electrocardiographic leads. Chest pain
syndrome did not enter as a variable useful in discriminating
patients with from those without multivessel disease after
previously selected variables were adjusted for. The dis-
criminant function correctly classified 12 of the 15 women
with multivessel disease and all 77 women without multi-
vessel disease for an overall predictive accuracy of 96.7%.
finding of a relatively poor specificity for exercise testing
in women confirms previous reports (3-6) in selected series
where the more common causes of false positive results
(mitral valve prolapse, left ventricular hypertrophy and dig-
italis usage) were excluded.
Cardiac fluoroscopy. Cardiac fluoroscopy had a similar
sensitivity and a significantly greater specificity than exer-
cise electrocardiography. Despite many studies (9-11) re-
porting the diagnostic value of fluoroscopic detection of
coronary calcification, this method of assessment remains
largely ignored as indicated in a review by Rifkin et al. (8).
In the only available study correlating the results of cardiac
fluoroscopy and coronary arteriography separately in women,
Hamby et al. (9) reported an overall sensitivity of 84% and
specificity of 81% for this diagnostic method in 349 women
ranging in age from 30 to 70 years. We found a similar
sensitivity and specificity for cardiac fluoroscopy, although
the definition of significant coronary artery stenosis in our
study was 70% rather than the 50% used by Hamby et al.
(9). An advantage of cardiac fluoroscopy is that its inter-
pretation is not dependent on a normal rest electrocardio-
gram nor on ability of the patient to exercise.
Exercise thallium scintigraphy. Similar to cardiac
fluoroscopy, exercise thallium scintigraphy has been widely
investigated mainly in men. In a comprehensive review of
24 studies (27), exercise thallium scintigraphy was assessed
to have an overall sensitivity of 82% and a specificity of
91 % for coronary disease, but when studies were performed
separately in women, the experience has been limited and
with varying results (12-14). Our experience is similar to
that recently reported by Friedman et al. (12), who found
a sensitivity of 75% and a specificity of 97% for exercise
thallium scintigraphy in 60 women with a slightly higher
prevalence of coronary disease than in our study (60 versus
30%). Thus, the sensitivity of exercise thallium scintigraphy
appears comparable with that reported in men (2).
There is also a comparable specificity provided that the
breast artifacts in women are recognized. The specificity
for thallium scintigraphy was lower when fixed anteroseptal
or anterolateral defects considered to be breast artifacts were
coded abnormal. The pattern of breast artifacts is well de-
scribed and can usually be recognized (20,21). However,
five of six false positive thallium scans in this study were
not recognized to be breast artifacts despite this pattern
because of some degree of improvement on delayed im-
aging. In retrospect, the apparent improvement may have
occurred because of a slightly different position for imaging
during the redistribution study. As indicated by Dunn et al.
(20), this problem may be prevented if the thallium scan is
immediately repeated after breast retraction.
Multivariate analysis. Bayesian theory has been exten-
sively applied to the interpretation of noninvasive test results
and is dependent on the accurate classification of patients
by pretest risk (28-30). The sequential application of Bayes'
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theorem to several noninvasive tests depends, in part, on
each test supplying independent information and on the abil-
ity of the physician to accurately categorize a patient ac-
cording to the chest pain syndrome. In clinical practice, the
quality of a patient's chest pain can be difficult to charac-
terize and diagnostic noninvasive tests are often interrelated.
The multivariate approach adjusts for the interrelations be-
tween laboratory variables and, in a stepwise manner, se-
lects among multiple clinical and laboratory variables those
that contribute statistically significant independent infor-
mation regarding outcome. The model provides a relatively
new and different approach to the analysis of noninvasive
test data. In a recent report by McCarthy et al. (3), a similar
type of discriminant function approach to exercise electro-
cardiographic and myocardial scintigraphic results was per-
formed in 141 patients, 46 of whom had a previous infarc-
tion and 26 of whom were women. As might be expected,
gender was selected as a variable predictive of outcome.
However, further analysis of the women was precluded by
the small sample size. In our study, the number of women
evaluated was greater, the analysis was limited to women
and WI~ excluded patients with a previous myocardial
infarction.
Clinical implications. The predictive value of each of
the noninvasive tests used is determined, in part, by the
method used and the type of patient referral pattern from
any particular hospital. The patient group in our study rep-
resents a select group of women evaluated at a tertiary
referral center. In this series, for example, the exact percent
of multivessel disease associated with a certain variable may
not be valid in other patient groups. Although the number
of women without previous infarction in our study is rela-
tively large compared with those in previous studies
(10,1= .14), the number of patients with multivessel disease
was only 15 of 92. The relatively low prevalence of mul-
tivessel disease compared with previous reports in men (2,6,7)
reflects some of the difficulties in patient recruitment for
this t) pe of analysis. Compared with men, women have a
lower prevalence of multivessel disease when matched for
age (:~); they represent a smaller proportion of the group
undergoing cardiac catheterization and they form a larger
proportion of the study patients who had submaximal ex-
ercise tests. A larger number of women with coronary and
multivessel coronary disease would have increased the sta-
tistical power of our observations; however, there is a prac-
tical limit to the number of patients on whom one can per-
form multiple studies for research purposes.
Our data suggest that testing should be done sequentially
to obtain a reasonable balance of diagnostic efficacy, pa-
tient comfort and minimal financial cost. In women with
typical angina, exercise electrocardiography or cardiac fluo-
roscopy would be cost effective and provide sufficient di-
agnostic information to preclude further noninvasive testing
in most patients. In women with probable angina, thallium
scintigraphy or cardiac fluoroscopy would be a better di-
agnostic choice than exercise electrocardiography because
of higher specificity and similar sensitivity. Both tests are
useful in excluding false positive exercise electrocardio-
grams and each test distinguishes women with multivessel
disease better than does exercise electrocardiography when
evaluated by multivariate techniques. In addition, cardiac
fluoroscopy and thallium scintigraphy may have other ad-
vantages in that they are not as dependent on drug usage,
the electrocardiogram at rest or the extent of exercise stress.
Current noninvasive methods do not appear to be of much
diagnostic value in women with nonspecific chest pain be-
cause of these patients' very low pretest risk of coronary
and multivessel disease.
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